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Topologicalbranchingindicesof n-alkanesandtheirisomershavebeenshowntoleadtostandardcurveswhensome
quantummechanicalproperties,suchasbindingenergies,two-electronexchangeintegrals(CNDO), chargedensities,etc
areplottedagainsthem.Thesecurvescanbeusedtoobtainthevaluesofmolecularlevelquantitiesforanunexploredal-
kanewithoutresortingtoquantumtreatment.Eitherthegraphsortheregressionequationsmaybeusedforthispurpose.
Thismethodhasbeenextendedtocalculatethequantummechanicalpropertiesofsomeprimaryalcohols,carboxylicac-
idsandsilanesalso.Tentativereasonshavebeensuggestedfor thelinkbetweenthespecificquantumquantitiesandthe
branchingindices,Thevalidityofthetreatment,whenthealkanesaresubstitutedbyalcoholsorcarboxylicacids,hasalso
beenjustified.
whereQistheelectrostaticworkofchargingandas-
semblingtheatomsastheseexistinthemoleculeand
is calculatedfromCNDO chargedistributiondata.
Eex is thetotaldiatomicelectron-electronexchange
integral,'n'representsthenumberofvalenceshellba-
wherethesymbolshavetheirusualsignificancesas
givenbyPople8inhisoriginalvalenceshellbasistreat-
ment.
Eq. (1)maybewrittenas6,
1
Ebin(eV)=- (Q+ Eex+~n.Eex ±0.05)x 27.22
... (2)
anddiatomicelectron-electronexchangenergyof
CNDO molecularorbitalmethod.
Thebindingenergiesof moleculesandionsin the
singletsigmastatemaybecalculatedwithasatisfacto-
ry accuracyby a semiclassicalmethod6•This semi-
classicalexpressionisvirtuallytheCNDO expression
forenergyinwhichsomeparametersofthelatterare
substitutedby theireffectiveclassicalanalogues.A
furtherimprovementinaccuracyhasbeenmadepos-
siblebyarecentmodification7of~oftheoriginalfor-
mulation6•Thebindingenergy(ineV)isgivenbyEq.
1,
~in =1.[ [2: q; +2:2:qi'li)2 i 2'1 i<j '1j
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Thedegreeofinolecularbranchinginthemembers
ofahomologouseriesofageneralformulaor inthe
isomersofagivenmolecularcompositionisatopicof
considerableimportancein graphtheory.Different
methodshavebeenemployedto setup measures,
calledbranchingindices1- 4, usingthe topological
parametersof the moleculargraphs.Randic4 has
shownthatafunctionofthedegreesofverticesofthe
moleculargraphof thestraight-chainandbranched
alkaneisomersproducesanumericalorderthatruns
paralleltoanorderingof thealkanesbasedontheir
topologicalmatriceswhenthevertexlabellingisdone
in auniqueway.This uniquelabellingcanbedone
eitherbyafewtrialsfor nottoobigmoleculesor by
useof a computerprogramme,developedby Ran-
dic5,forbiggermolecules.
Bonchevand Trinajstic3haveusedinformation
theoryin conjunctionwithdistancematricesof the
moleculesto setup informationtheoreticgraphical
indicesofmolecularbranching.Besidesthesetwo,a
fewmorebranchingindiceshavebeenproposed.
It hasbeenshown4thattheexperimentalvaluesof
manyphysicalandthermodynamicproperties,such
asmeltingpoints,boilingpoints,vapourpressure,en-
thalpiesofformation,etc.,whenplottedagainstRan-
dic branchingindices(RBI) of thealkaneisomers,
eithergivea smoothcurveor, in somecases,even
yieldlineargraphs.Wethoughtit worthwhileto ex-
ploretherelationbetweenthebranchingindicespro-
posedbyRandic(RBI) andBonchevandTrinajstic
(BTBI) andsomemolecularlevelproperties.
Theoretical
Interestinglyenough,theresponsewasfoundtobe
positive in casesof some importantquantum-
mechanicallyderivedquantitieslikebindingenergies
±!:i.UD] X 27.2
... (1)
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wher~iD=meaninformationcontentfor adistancein
thedi~tancematrixfor alkanechain,ki=thenumber
or tiniesa particular distance'i' occurs in theproba- -30
bility ~chemebased on the distancematrix and N2
equal$thetotalnumber of elementsin thematrix.
sis o~bitalsand ~, a calibrated quantity connected
with .esonanceenergy,is obtainedfrom Eq. 3,
The t~pologicalbranchingindices of Randic4and of
Bonc~evandTrinajstic3aregivenby(foralkanes)Eqs
4 an~5, respectively,
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Fig.2- Plotsofcalculatedmolecularlevelpropertiesof n-hexane
anditsisomersagainstRBI andBTBI [Curve2a: - B.E. vsRBI;
curve2b: - 103Ee.vsRBI; curve2c: - B.E. vsBTBI; curve2d:
-103 Ee. vs BTBI; prediction for point P (hexane):lit
BE = -78.09 eV, graphicalBE =-78.02 eV; predictionfor
pointR (2-methylpentane):calc.Ee.=- 3788X 10-3a.u.,grapi-
calEe.=- 3789x 1O-3a.u.]
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Fig.1- PlotsofcalculatedmolecularlevelpropertiesagainstRBI
values.[CurvesI, V andVI: B.E. of n-alkanes,alcoholsandcar-
boxylicacidsrespectively;curvesIII, IV andVII: 10Ee. of n-
alkanes,alcoholsandcarboxylicacidsrespectively;curveII: 10- 5
Q of n-alkanes;predictionforpointP: n-octane(RBI =3.914),lit.
B.E.(eV)= -102.43,graphicalB.E.(eV)=-101.98].
... (4)
... (3)
... (a)
... (5)
kn=++(Bin) - Aln (n)
RBI ; I (Vi vX 1/2,for all ij thbonds
, i<j
wher~Viand vj are the degreesof verticesin the car-
bon-qarbon chain without the H-attaching bonds in
them~leculargraphs.
I
2k 2kj
BTBIi= 10= - ~ N(N ~ 1)log2N(N -1
y= 24.413x+6.425
Resu.s andDiscussion~n themolecular levelpropertiesof Eq. (2)are
plotted againstRBI valuesof ahomologous seriesof
alkan¢s,interestinggraphs are obtained.Extremely
good 1! traightlines resultfor plots of (i)binding ener-gies(i) totaldiatomicelectronexchangeenergiesand
(iii) q4antityQ ofEq. (2)(Fig. 1).The plots of binding
ener~esagainstRBI for asetof alkaneisomersareal-
so lin~ar(Fig. 2).
Th~lineargraphs(drawnfor thefirst fewmembers)
offer the unique advantageof serving as standard
curve~for predicting the binding energiesof unex-
plore<falkanesand their two electron diatomic ex-
changeenergiesobviatingtheneedof onerousmolec-
ular orbital computation.For thesakeof graphic de-
monstjration,quantum mechanicalvalue of binding
energj of anarbitrarilychosenalkane(n-octane)isin-
dicatepbythepoint P (Fig. 1).The bindingenergyand
thedi~tomicexchangeenergyof n-hexaneof theC6-
alkaneisomer seriesaredenotedby thepoints P and
R (Fig~2a,2b)respectively.However, todemonstrate
thegeperalpredictability for the alkanes,a compre-
hensi~eTable 1 is provided, the data of which are
basedion the regression equation of the method of
leastsquares,with correlation coefficient r=0.9995
The e41uationis,
when~xrepresentstheRandic branchingindexandy,
thebi~dingenergy.
The bindingenergyvaluefor thealkanen-eicosane
invol$Ig abasissetof 122atomicorbitals (muchbe-
yond 1helimit of the presentday programmesavail-
able for 80 orbital basis set of the conventional
CNDO technique)hasbeenelegantlyobtainedby the
useof theregressionequation(Table 1).The import-
anceof thegraphicalmethod,apartfrom its simplic-
ity,is further emphasisedby thefactthatfor calculat-
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Table 1- Values of Binding Energies for n-Alkanes
Molecule
RandicCalc.B.E.ValueofB.E.Thermo-Standa d
(n-Alkane)
branching(eV)using(eV)predicted*dy micerror
indices
Eq.2fromreg ssionB.E.(eV)
Eq.(a)Ethane
1 00- 29.68- 30 839~29. 3
Propane
41441.2840. 5-41 0
n-Buta e
953 625 1 853 69
Pentane
266 965 3655 87
H xane
78 3377 570 2
-Heptane
89 98 72 5
Oc
-100.1 .91 2.4
n-Nonane
4--114.19*4 6
Dec
26 3 6 0
U decane
38 600
n-Dodacane
50 81 1
Tri
663 02 .5
r cane
75 27
P tadec
787 43 7
H x
99 4
- ept ane
11.84*. 8
Oc cane
2 . 5 4 79- 6
Ei osan
4 4
ingbindingenergyof evenn-heptane,withjust44
atomicorbitalsasthebasis,around15rninofafairly
fastcomputerarerequired.It iseasytocomprehend
thetimeandcostinvolvedin CNDO calculations
when122basisorbitalsareinvolved,asinthecaseof
n-elcosane.
In Fig.(3)aredisplayedtheplotsoftheRE., 10Eex
andQ againstBTBI (relation-5).In allcases(except
forQ) thecurvesaresmooth,thoughnotalwaysline-
ar.Althoughextrapolationispermissiblefor theun-
exploredalkanes,RBI linearcurvesdecidedlyhave
anadvantageovertheBTBIcurves in thisrespect.
This convenientwayof obtainingquantumme-
chanicalquantitiesofunexploredalkanesandtheiris-
omersfromstandardcurvescanbeextendedtodo-
mainsofsomeotherhomologouseriesdeemedtobe
derivedfromthealkanes.Thehomologouseriesof
thenormalaliphaticalcohols(RCHzOH) andcar-
boxylicacids(RCOOH) havebeenchosenfor this
studyand both quantummechanicalcalculations
havebeendoneandgraphshavebeendrawnfor
them.The rationalebehindthis extensionis ex-
plainedbelow.
The moleculargraphin anormalalkaneis of the
type~ ,wherethevertices(allcarbonatoms)
areofdegreeseither2or1.Theterminalverticeshave
thedegreevalue1.If onesuchterminalatombere-
placedby0(asintheformationofalcohol),thisnew
vertexmaybeconsideredasthatofapseudoC-atom
havingtheunaltered egree1.Hence,thebranching
index(RBI)ofthenewchainremainsthesameast1:
BTBI
.1g. 3-Plots of calculated"molecularlevelpropertiesagainst
BTBI [CurveIa: B.E. of n-alkanes;curveITa:B.E. of alcohols;
curveIe:10Eexofn-alkanes;curveIIb: 10E""ofalcohols;curveIb:
10- 5Q ofn-alkanes].
of theoriginalalkane.The BTBI branchingindex,
basedon informationtheoreticgraphicalscheme,
shouldalsoremainunchangediftheO-atomplaysthe
roleofapseudoC-atom.It is in thisperspectivethat
thepreviousmolecularlevelproperties(viz.binding
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gycalculatedwiththehelpofEq. (2)referstothatof
thesinglespeciesin thevapourstate.
Whilethepotentialusesofsuchgraphsareevident,
asuitable xplanationisneededtoaccountforthelin-
earvariationof thequantummolecularproperties
withthetopologybasedproperty,viz.,thebranching
index.A rigorousexplanationcannotbe offeredat
thisstage,butplausiblereasonsfor linearityarenot
difficulttodivine.
Actualcomputationshowsthatthemaincontribu-
tiontoEbin inEq.(2)comesfromEexwhichessentially
involvesa seriesof integralsoverdiatomicoverlap
functionsanddistanceparameterrl''''Thebindingen-
ergyofanalkanemaybethoughtobeproportionalto
thetotaloverlapintegralcomprisingaseriesof defi-
nite integralsrepresenting<Pcsp3 - <Pcsp3 overlaps
and<PCsp3 - <PHIs overlaps.Thatis,
Ebin =k[S(n'-alkanejJ
ener~s, etc.)areplottedasfunctionsof theRBI or
BTBIJ
Th~resultsobtainedfor primaryalcoholsandthe
carbofylicacidsarerepresentedgraphicallyinFigs1
and3.¥\llthecurvesfaithfullymimicthepatternofthe
corresPondingn-alkaneseries.The linearcurves,as
inthe~arliercases,serveasstandardsfor evaluating
thecotrespondingmolecularlevelproperties.Alter-
natively,onemayusetheregressionequations(b)and
(c)topredictthevaluesofthebindingenergiesofthe
primatyalcoholsandofthecarboxylicacids,respect-
ively.rabIes2and3exhibitsuchdatawiththecorre-
lationfactors,theregressionequationsappearingat
thehe,dofeachtable.
wmJe comparingthedatapredictedfor thealco-
holsa~dtheacidswiththethermodynamicdata,one
ought~orememberthatthelatterintrinsicallyincludetheeff ctofthepossiblepolymericformsof thespe-
ciesd~eto hydrogenbondingin thevapourstatell.
Howeter,asthepercentageof thepolymericspecies
isexp~tedtoberatherlow,theeffectontheoverall
therm6dynamicvalueisnegligible.Thebindingener-
=k[(n'-1)Sc-c +(2n'+2)SC-HJ
(wheren'=numberof carbonatoms)
.. , (6)
l
Tabl~2- BindingEnergiesofPrimaryAlcohols (correlationcoefficient,r=0.9996)ObtainedbytheRegression
Eg. y= 24.998x- 2.712 ... (b)
Molecule
Methanol
Ethanol
n-Propanol
n-Butanol
n-Pentanol
n-Hexanol
n-Heptanol
n-Octanol
Branching Calc.valueValueofThermo-
index
ofbindingB.E. ( V)dynamic
(Randic)
energy(eV)predictedvalue f
Eq.2
fr mregr ssiontheheatof
Eq.(b)
atomis ti n
leV)1.00
- 21.32- 22.2861.14
1.4142
33 51.643 46
9
45. 645 394 67
2
7 9 77 6385 9270 080 770 9
3
8 8 6
3.9142
-- 95.1359 95
4
-107.634107. 7 Standard
error
0.570
Tabfu3- BindingEnergiesof CarboxylicAcids (correlationcoeff.=0.9997);ObtainedbytheRegressionEg.,
y= 24.249x-8.967 ... (c)
Molecule
Aceticacid
Propionicacid
Butyricacid
Valericacid
Caproicacid
Heptylicacid
Caprylicacid
Pelargonicacid
(Nonanoic)
Capricacid
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Branching Calc.valueValueofThermo-Stand rd
index
ofB.E.(eV)B.E. (eV)dynamicerror
(Ra ic)
q 2predictevalue f
fromregre-
theheat
ssionEq. (c)
of atomi-
sation(eV)
1.7321
- 33.363- 3.0343 .61
2.2701
45.486 085 76
7 -2
8 1498 2075 44
3
70 9057 3 782 282 5-0.416
4.270
-- 94.576
4.770
-106.70
5.27
-118.82
-
5.77
30 941 1. 4
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where,n"+1=n'=totalnumberof C-plusO-atoms
in theprimaryalcohol.ThedifferenceofEqs (6)and
(7)leadsto,
Ebin(a1kane)- Ebis(a1cohol)
Theoverlapintegralinvolvingtwo,ithandjthcarbon
atomsof degrees1and2, respectively,will havean
Sc-o deemedto beageometricmean(positive)of
tworealnumbercontributions,
(Sc'tSd1l2=(1.2f 1/2SC=(vi.Vjf1/2Sc
relatedtothegraphicaldegreevaluesasinRBI. Sim-
ilarlyif k andI atomsbeof degrees2 and3respect-
ively(asispossiblein abranchedhydrocarboncon-
tainingtertiaryC-atoms)each,
Sc-c =(tSctsd1/2=(2.3f1/2SC=(VkVlf1l2Sc
This equalitytogeometricmeanisbasedonanas-
sumptionthatcarbonatomsoftopologicaldegrees1,
2and3respectively,contributeaneffectivemultiple
ofSo eachconsistentwiththecorrespondingconnec-
tivitynumber.It implicitlyneglectstheoverlapcon-
tributionscomingfromtheclassicallyunconnected
C-atoms,whicharereallysmall,notwithstandingthe
factthattheexchangeintegralinvolvesall possible
pairsof orbitals.
TheremainingpartofcontributiontoEr,induetoall
SC-H'S(Eq. 6) increasesadditivelyby a constant
amountas,n',thenumberofC-atomsinthechain,in-
creases.
It is thuspossibletoconceiveof a lineardepend-
enceof theexchangeintegralsandbindingenergies
upontheRBI indexvaluesand,inpractice,thisturns
outtobethecase(Fig.1).
The reasonwhysuchquantumpropertiesfail to
showlineardependenceon BTBI is thatthelatter
branchingindex,unlikeRBI, is notmerelyasumof
twovertexproperties,butdependsonamoreelabor-
ateprobabilityscheme.
Thereasonsforlinearvariationofthebindingener-
gieswiththebranchingindices(RBI)ofthealcoholset
is easilyunderstoodif weacceptthetruthof theEq.
(6).Takingthediatomicexchangenergiestobethe
determinantandassumingthatsuchexchangener-
giesareproportionalto diatomicoverlapintegrals,
the bindingenergiesof alcoholsderivedfromthe
correspondingalkanescanbewritten,followingEq.
(6),as
Ebin=k[(n"- 1)Sc-c +Sc-o
+(2n"+1)Sc-H+So-H] ... (7)
As inthecaseofalkanes,thebindingenergiesofthe
silanes,quiteexpectedly,turnouttobealinearfunc-
tionof thebranchingindices.
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. for all n'-alkanesandthecorrespondingalcohols.
Thismeansaconstantdifference,!i.Er,in,betweenan
alkaneandthealcoholirrespectiveof thevalueofn'.
Weoughttoexpectnotonlylinearityfor thealcohol
graphsbutalsoparallelrunsforthesetsofalkanesand
alcohols(cf.Fig.1,curvesI andV,andcurvesill and
IV).
ReferringtoMullikenetal.9,dataondiatomicover-
lap enable us to calculate (Sc-c - Sc-o) and
(3SC-H- SO-H) of Eq. (8) and hencek from the
knownvaluesofbindingenergiesof theLHS.
Keepingin viewtheincreasingattentionreceived
bysilanesandtheirderivativesandthefactthatmo-
lecularorbitalstudiesonsilanesareratherlimited,we
havecalculatedthebindingenergiesof thefirstfour
normalsilanes12bythepresentmethod.Followingthe
procedureadoptedfor thealkaneseriesandinclud-
ingthed-orbitalsofthesiliconatominthebasissetfor
theCNDO chargeandexchange nergycomputa-
tion,wehaveobtainedbindingenergiesofsilanes(Si1
to4):
... (8)=k[(Sc-c - Sc-o) +(3SC-H- SO-H)]
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